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(54) Apparatus and method for programming a memory device such as a virtual ground EPROM 
array cell 

(57) The present invention provides a method and 
an apparatus for programming a selected cell within a 
memory device, such as a virtual ground EPROM array 
cell, without disturbing adjacent array cells. In preferred 
embodiments, the electrical disturbance of data stored 
in adjacent cells is limited in a number of ways: (1) a col- 
umn connection circuit is provided for selectively cou- 
pling together adjacent pairs of even -odd or odd -even 
column lines so that source and drain terminals of adja- 
cent memory cells are electrically coupled together, 
thereby preventing the data stored within the adjacent 
cells from being disturbed; (2) a current limiter circuit is 
provided for lowering a potential on a terminal of the 
selected cell at a controlled rate during programming so 
that voltages on terminals of the selected cell do not dis- 
turb data stored on adjacent memory cells; (3) the order 
in which programming signals are applied to terminals 
of the selected cell are controlled in such a way as to 
reduce the disturbance of data on adjacent cells; and 
(4) high wordline and data line voltages are applied to 
the selected cell in two steps, first to an intermediate 
voltage, and then to a high voltage. This reduces the 
disturbance to adjacent cells and improves program- 
ming. 
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Description 
BACKGROUND 
Field of the Invention 

[0001] The present invention relates to semiconductor 
memory devices, and more particularly to a method and 
an apparatus for programming an electrically program- 
mable memory device, for example a virtual ground 
EPROM array cell, without disturbing adjacent cells. 

Related Art 

[0002] The continuing demand for higher speed and 
lower cost semiconductor memories has led to the 
development of the virtual ground memory design for 
reprogrammable nonvolatile memories. A virtual ground 
memory design can increase array density while main- 
taining process compatibility with existing semiconduc- 
tor processes. Representative examples of the virtual 
ground memory arrays are disclosed in U.S. Patent 
Nos. 3,916,169, 3,934,233, 4,021,781 and 4,387,447. 
[0003] While virtual ground memory designs enjoy 
advantages from increased bit density, they have a 
number of disadvantages. One disadvantage is the 
problem of unwanted interaction between adjacent 
memory cells. This interference can take the form of a 
program disturb condition, in which programming of a 
selected cell leads to unwanted programming of unse- 
lected adjacent memory cells. This interference can 
also take the form of a read access degradation due to 
an unwanted current component. In both situations, the 
interference affects memory cells located in adjacent 
columns and connected to the selected row line. Inter- 
action between adjacent cells also causes parasitic cur- 
rents which interfere with reading, erasing and 
programming of individual cells. Ultimately, the access 
speed and integrity of the memory array is adversely 
affected by these problems. 

[0004] What is needed is a programming mechanism 
for virtual ground EPROM memory arrays that allows for 
programming of a selected memory cell whilst reducing 
disturbance to data stored on adjacent unselected 
memory cells. 

SUMMARY 

[0005] The present invention provides a method and 
an apparatus for programming a selected cell within an 
electrically programmable memory device, such as a 
virtual ground EPROM array, without disturbing adja- 
cent array cells. In preferred embodiments, the electri- 
cal disturbance of data stored in adjacent cells is limited 
in a number of ways: (1) a column connection circuit is 
provided for selectively coupling together adjacent pairs 
of even-odd or odd-even column lines so that source 
and drain terminals of adjacent memory cells are elec- 



tricalty coupled together, thereby preventing the data 
stored within the adjacent cells from being disturbed; (2) 
a current limiter circuit is provided for lowering a poten- 
tial on a terminal of the selected cell at a controlled rate 

5 during programming so that voltages on terminals of the 
selected cell do not disturb data stored on adjacent 
memory cells; (3) the order in which programming sig- 
nals are applied to terminals of the selected cell are 
controlled in such a way as to reduce the disturbance of 

io data on adjacent cells; and (4) high wordline and data 
line voltages are applied to the selected cell in two 
steps, first to an intermediate voltage, and then to a high 
voltage. This reduces the disturbance to adjacent cells 
and improves programming. 

is [0006] Thus, viewed from a first aspect, the present 
invention provides a method of programming a selected 
memory cell which avoids disturbance of data stored on 
adjacent cells, the selected memory cell being part of 
an electrically programmable semiconductor memory 

20 device, including an array of floating gate memory cells 
arranged in rows and columns so as to form an array. 
The memory cells include, a control gate, a first terminal 
and second terminal, the control gates of memory cells 
in a row being coupled to the same row line. The 

25 method comprises: applying a first potential to a row line 
coupled to the selected memory cell; coupling a first ter- 
minal of the selected memory cell to a first node; cou- 
pling a second terminal of the selected memory cell to a 
second node; applying a second potential to the first 

30 node; and lowering the potential on the second node at 
a controlled rate to a third potential to cause the transfer 
of electrons into a floating gate of the selected memory 
cell, the rate being controlled such that potentials on the 
first and second terminals of the selected cell do not dis- 

35 turb data stored on adjacent cells. 

[0007] According to one aspect of preferred embodi- 
ments of the present invention, the method includes 
coupling together a first terminal and a second terminal 
of a memory cell adjacent to the selected memory cell 

40 so as to avoid disturbing data on the adjacent memory 
cell during programming of the selected cell. 
[0008] According to another aspect of preferred 
embodiments of the present invention, the array of float- 
ing gate memory cells is divided into a plurality of blocks 

45 of floating gate memory cells, wherein blocks are inde- 
pendently selectable, and including the step of selecting 
a selected block containing the selected memory cell. 
[0009] According to another aspect of preferred 
embodiments of the present invention, the method 

so includes coupling together first and second terminals of 
memory cells not affected by programming of the 
selected cells to a fourth potential. 
[0010] According to another aspect of preferred 
embodiments of the present invention, the lowering of 

55 the potential on the second node at a controlled rate 
takes place after the applying of the first potential to the 
wordline of the selected cell, and after the applying of 
the second potential of the first node, so that the second 
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node is charged up by the first node through a conduct- 
ing path between the first and second terminals of the 
selected cell, so that a programming current is reduced 
in such a way that data stored on adjacent cells is not 
disturbed by a high drain voltage. 
[0011] According to another aspect of preferred 
embodiments of the present invention, the lowering of 
the potential on the second node takes place before the 
applying of the first potential to the row line of the 
selected cell, so that source side disturbance of data 
stored in adjacent cells is avoided. 
[0012] According to another aspect of preferred 
embodiments of the present invention, the applying of 
the first potential to the row line of the selected cell 
takes place at a controlled rate in order to increase pro- 
gramming effectiveness while reducing disturbance of 
data stored in adjacent cells. 

[0013] According to another aspect of preferred 
embodiments of the present invention, the applying of 
the first potential to the row line of the selected cell 
takes place in two phases in order to increase program- 
ming effectiveness while reducing disturbance of data 
stored in adjacent cells. These two phases include rais- 
ing a voltage on the wordline of the selected cell to an 
intermediate potential lower than the first potential; wait- 
ing a fixed interval of time; and raising the voltage on the 
wordline of the selected cell to the first potential. 
[0014] According to another aspect of preferred 
embodiments of the present invention, the applying of 
the second potential to the first node takes place at a 
controlled rate in order to reduce stress resulting from 
excessive voltage on the first terminal of the selected 
cell prior to the applying of the first potential to the row 
line. 

[0015] According to another aspect of preferred 
embodiments of the present invention, the applying of 
the second potential to the first node takes place in two 
phases in order to reduce stress resulting from exces- 
sive voltage on the first terminal of the selected cell prior 
to the applying of the first potential to the row line. The 
two phases include: raising the voltage on the first node 
coupled to the first terminal of the selected cell to an 
intermediate potential lower than the second potential; 
waiting a fixed interval of time; and raising the voltage 
on the first node coupled to the second terminal of the 
selected cell to the second potential. 
[0016] Viewed from a second aspect, the present 
invention provides an electrically reprogrammable 
memory device, comprising a plurality of floating gate 
memory cells arranged in rows and columns so as to 
form an array. Each memory cell includes a control gate 
and first and second terminals. The array includes: a 
plurality of row lines, the controls gates of cells in the 
same row being coupled to a common row line; a plural- 
ity of column lines coupled to the first and second termi- 
nals of memory cells in the array; a row decoder, 
coupled to the plurality of row lines, for selecting a row 
line coupled to a selected memory cell; a column 



decoder, for coupling a first column line coupled to the 
first terminal of the selected memory cell to a first poten- 
tial, and for coupling a second column line coupled to 
the second terminal of the selected cell to a second 

5 potential, to cause programming of the selected mem- 
ory cell; and a column connection circuit, coupled to col- 
umn lines for coupling together pairs of column lines 
coupled to the first and second terminals of memory 
cells adjacent to the selected memory cell so as to avoid 

70 disturbing data stored on the adjacent memory cells by 
limiting voltage differences between the first and second 
terminals of the adjacent memory cells. 
[0017] According to an aspect of preferred embodi- 
ments of the present invention, the electrically program- 

15 mable memory device includes a current limiter circuit 
coupled to the plurality of column lines for controlling the 
rate at which a voltage drops on a column line coupled 
to the selected cell so as not to disturb data stored on 
adjacent cells during programming of the selected cell. 

20 [0018] According to another aspect of preferred 
embodiments of the present invention, the array of float- 
ing gate memory cells is divided into a plurality of inde- 
pendently selectable blocks of floating gate memory 
cells. 

25 [0019] According to another aspect of preferred 
embodiments of the present invention, the electrically 
programmable memory device includes a mechanism 
for coupling together first and second terminals of mem- 
ory cells not affected by programming of the selected 

30 cell to a third potential. 

DESCRIPTION OF THE FIGURES 
[0020] 

35 

FIG. 1 is a circuit diagram illustrating the structure 
of an array of floating gate memory cells including 
programming circuitry in accordance with an 
embodiment of the present invention. 

40 FIG. 2 is a circuit diagram illustrating circuitry for 
connecting data input 212 and data output 214 into 
bit lines 183, 184 and 185 from FIG. 1 in accord- 
ance with an embodiment of the present invention. 
FIG. 3 is a circuit diagram illustrating the internal 

45 structure of current limiter circuit 100 from FIG. 1 in 
accordance with an embodiment of the present 
invention. 

FIG. 4 is a circuit diagram illustrating the internal 
structure of a driver, such as drivers 102, 104 and 
50 106 in FIG. 1 , in accordance with an embodiment of 
the present invention. 

FIG. 5 is a timing diagram illustrating the sequence 
in which signals are applied to the array of floating 
gate memory cells from FIG. 1 during programming 
55 of a selected memory cell in accordance with an 
embodiment of the present invention. 
FIG. 6 is a circuit diagram illustrating how column 
lines of the array of floating gate memory cells are 
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coupled together so as to reduce the disturbance of 
data stored on adjacent cells during programming 
of a selected cell in accordance with an embodi- 
ment of the present invention. 
FIG. 7 is a timing diagram illustrating the voltage 
levels present on various nodes within FIG. 6 during 
a first programming mode in accordance with an 
embodiment of the present invention. 
FIG. 8 is a timing diagram of the voltage levels on 
various nodes within FIG. 6 during a second pro- 
gramming mode in accordance with an embodi- 
ment of the present invention. 
FIG. 9 is a circuit diagram illustrating the structure 
of a wordline driver for providing a two-step word- 
line voltage in accordance with an embodiment of 
the present invention. 

FIG. 10 is a circuit diagram illustrating the structure 
of a data line driver for driving a two-step voltage 
onto a data line in accordance with an embodiment 
of the present invention. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[0021] The following description is presented to ena- 
ble any person skilled in the art to make and use the 
invention, and is provided in the context of a particular 
application and its requirements. Various modifications 
to the disclosed embodiments will be readily apparent to 
those skilled in the art, and the general principles 
defined herein may be applied to other embodiments 
and applications without departing from the spirit and 
scope of the present invention. Thus, the present inven- 
tion is not intended to be limited to the embodiments 
shown, but is to be accorded the widest scope consist- 
ent with the principles and features disclosed herein. 
[0022] FIG. 1 is a circuit diagram illustrating the inter- 
nal structure of an array of floating gate memory cell in 
accordance with an embodiment of the present inven- 
tion. The array includes a plurality of floating gate mem- 
ory cells, 130, 131. 132, 133, 134, 135, 136, 137, 138, 
139, 146, 147, 148, 149, 150, 151, 152, 153, 154, and 
155. The floating gate memory cells are coupled source 
to drain to form rows of floating gate memory cells. Con- 
trol gates of all floating gate memory cells in a row are 
coupled to the same wordline. Floating gate memory 
cells 130, 131, 132, 133, and 134 are coupled together 
source-to-drain into a row, and the control gates of 
these floating gate memory cells are coupled to word- 
line 122. Floating gate memory cells 135, 136, 137, 138 
and 139, are coupled together source-to-drain into a 
row, and the control gates of these floating gate transis- 
tors are coupled to wordline 123. Floating gate memory 
cells 146, 147, 148, 149 and 150 are coupled together 
source-to-drain into a row, and the control inputs of 
these floating gate memory cells are coupled to word- 
line 125. Floating gate memory cells 151, 152, 153, and 
155, are coupled together source-to-drain into a row, 
and the control gates of these floating gates memory 



cells are coupled to wordline 1 26! 
[0023] A number of column lines pass through the 
array of floating gate memory cells. These column lines 
are, in order from left to right, ground line 186, bit line 

5 183, ground line 187, bit line 184, ground line 188 and 
bit line 185. These column lines can be selectively cou- 
pled to floating gate memory cells through a plurality of 
transistors controlled by blocks select signals 121 and 
124. Block select signal 121 controls transistors 127, 

10 128, 129, 140, 141 and 142, which couple ground lines 
186, 187 and 188, and bit lines 183, 184 and 185, 
respectively, into a block of memory cells, including 
memory cells 130, 131, 132, 133, 134, 135, 136, 137, 
138 and 139. Block select signal 124 controls transis- 

75 tors 143, 144, 145, 156, 157 and 158, which selectively 
couple ground lines 186, 187 and 188, and bit lines 183, 
184 and 1 85, respectively, to floating gate memory cells 
146, 147, 148, 149, 150, 151, 152. 153, 154 and 155. 
Only one of block select signals 121 and 124 is active at 

20 any one time. Hence, only one block of floating gate 
memory cells is coupled to the column lines at any given 
time. 

[0024] The bit lines and ground lines connect to cir- 
cuitry at the top of the array. Bit lines 183, 184 and 185 

25 are coupled through transistors 112, 113 and 1 14 to a 
high voltage VDD. Transistors 112, 113 and 114 are 
coupled to and controlled by signal VCP 111. Signal 
VCP 111 is set to an intermediate voltage such as 1/3 
VDD. Transistors 112, 113 and 114 effectively tie bit 

30 lines that are not involved in programming to an inter- 
mediate voltage 1/3 VDD. Ground lines 186, 187 and 
188 are coupled through transistors 103, 105 and 107, 
at the top of FIG. 1, into drivers 102, 104 and 106, 
respectively. Drivers 102, 104 and 106 provide a ground 

35 voltage onto ground lines 186, 187 and 188, respec- 
tively, during programming of floating gate memory cells 
within the array. The rate at which voltage on ground 
lines 186, 187 and 188 drops to ground is controlled by 
current limiter 100, which produces signal TYPO 101, 

40 which controls transistors 103, 105 and 107. Current 
limiter 100 controls transistors 103, 105 and 107 in such 
a way as to limit the rate at which ground lines 186, 187 
and 188 drop in voltage, thereby reducing problems of 
disturbing data on adjacent floating gate memory cells 

45 during programming of a selected floating gate memory 
cell. 

[0025] The bit lines and ground lines connect to cir- 
cuitry at the bottom of the array. Ground lines 186, 187 
and 188 as well as bit lines 183, 184 and 185 are cou- 

so pled together by transistors 190, 191, 192, 193 and 194. 
These transistors couple together odd-even and even- 
odd pairs of adjacent column lines selectively. Signal 
DWL 181 connects to the control inputs of transistors 
190, 191 and 192. Signal DWR 182 connects to the 

55 control inputs of transistors 193 and 194. Transistor 190 
selectively couples ground line 186 to bit line 183. Tran- 
sistor 191 selectively couples ground line 187 to bit line 
184. Transistor 192 selectively couples ground line 188 
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to bit line 185. Transistor 193 selectively couples bit line 
183 to ground line 187. Transistor 194 selectively cou- 
ples bit line 184 to ground line 188. Signal DWL 181 
selectively couples ground lines to the next adjacent bit 
lines to the right of the ground lines. Signal DWR 182 
selectively couples bit lines to the next adjunct ground 
lines to the right of the bit lines. Only one of signals DWL 
181 and DWR 182 are active at any given time. Hence, 
only even-odd or odd-even pairs of bit lines are coupled 
together at any given time. 

[0026] The above-described circuitry, controlled by 
signals DWL 181 and DWR 182, is used to couple 
together the source and drain of transistors adjacent to 
a transistor selected for programming. For example, if a 
floating gate transistor with a ground line on the left- 
hand side and a bit line on the right-hand side is to be 
programmed, signal DWR 182 is asserted to prevent 
disturbance of data stored on adjacent cells. On the 
other hand, if a floating gate memory cell with a bit line 
on the left-hand side and a ground line on the right-hand 
side is to be programmed, signal DWL 181 is asserted 
to prevent data on adjacent cells from being disturbed. 
[0027] FIG. 2 illustrates circuitry for moving data into 
and out of bit lines 1 83, 1 84 and 1 85 emanating from 
the bottom of the array of floating gate memory cells in 
FIG. 1 in accordance with an embodiment of the present 
invention. Bit lines 183, 184 and 185 from the bottom of 
FIG. 1 lead into the top of FIG. 2. Bit line 183 feeds 
through transistor 220 into the drain of transistor 224 
and sense amplifier 200. Transistor 220 is controlled by 
signal YS0 202. Bit line 184 passes through transistor 

221 into the drain of transistor 224 as well as the input 
of sense amplifier 200. Transistor 221 is controlled by 
signal YS1 204. Bit line 184 feeds through transistor 

222 into the drain of transistor 224 as well as into the 
input of sense amplifier 200. Transistor 222 is controlled 
by signal YS2 206. 

[0028] Signals YS0 202, YS1 204 and YS2 206 ema- 
nate from a decoder circuit which selects one of bit lines 
183, 184 and 185. Bit lines 183, 184 and 185 feed 
through transistor 224 to data input 212. Transistor 224 
is controlled by signal PYP 208. These bit lines also 
feed into sense amplifier 200, which feeds through tran- 
sistor 226 to data output 214. Transistor 226 is control- 
led by signal RYP210. 

[0029] The circuit illustrated in FIG. 2 acts a gateway 
for data flowing into and out of bit lines of the array pic- 
tured in FIG. 1. When signal PYP 208 is asserted, data 
input 212 feeds through transistor 224 into one of bit 
lines 183, 184 and 185, depending upon which of select 
lines YS0 202, YS1 204, and YS2 206 are active. In this 
way data feeds through data input 212 and into one of 
bit lines 183, 184 and 185. 

[0030] Alternatively, data can feed from bit lines 183, 
184 and 185 into sense amplifier 200, which senses the 
signal from bit lines 183, 184 and 185, and outputs 
either a zero value or a one value. This value is output- 
ted through transistor 226 onto data output 214 under 



control of signal RYP 210. 

[0031 ] FIG. 3 illustrates a circuit for controlling the rate 
at which voltage drops during programming on a ground 
line of the array of floating gate memory cells in FIG. 1 

5 during programming of a selected floating gate memory 
cell in accordance with an embodiment of the present 
invention. The circuit illustrated in FIG. 3 includes six 
transistors, including p-channel transistors 306, 308 
and 312, and n-channel transistors 310, 314 and 316. 

io The source of p-channel transistor 306 connects to AVS 
300, and the drain connects to the source of p-channel 
transistor 308, and the source of p-channel transistor 
312. The gate of p-channel transistor 306 connects to 
signal YPB 302. Signal YPB 302 additionally connects 

75 to the gate of n-channel transistor 316. The drain of p- 
channel transistor 308 connects to the gate and drain of 
n-channel transistor 310, the drain of p-channel transis- 
tor 312, the drain of n-channel transistor 316 and output 
signal TYPO 101. The gate of p-channel transistor 308 

20 connects to current minor signal 304, which emanates 
from a current mirror. The source of n-channel transistor 
310 connects to the drain of n-channel transistor 314. 
The gate of n-channel transistor 314 connects to the 
input signal PGM 320, and the source of n-channel tran- 

25 sistor 31 4 connects to ground. The source of n-channel 
transistor 316 also connects to ground. The signals 
YPB 302, current mirror 304 and PGM 320 are opera- 
tive to control the circuit in FIG. 3 to produce signal 
TYPO 101, which controls the driving of ground lines 

30 1 86, 1 87 and 1 88 from a high voltage to a low program- 
ming voltage at a controlled rate. In order to reduce the 
impact of process variations across the memory array, 
portions of the array are used as a current source. In 
this way, the rate at which signals on ground lines 186, 

35 1 87 and 1 88 go from a high voltage to a low voltage are 
controlled so that data is not disturbed on adjacent cells 
during programming of a selected cell. 
[0032] FIG. 4 is a circuit diagram of the structure of 
driver circuit, such as is found in drivers 102, 104 and 

40 106 in FIG. 1 in accordance with an embodiment of the 
present invention. The circuit takes two input signals 
YG0 400 and VCP 402. Signal YG0 400 connects to a 
gate of p-channel transistor 408 and the gate of n-chan- 
nel transistor 412. The signal VCP 402 connects to the 

45 gate of n-channel transistor 41 0. The source of p-chan- 
nel transistor 408 connects to VDD and the drain of p- 
channel transistor 408 connects to the drain of n-chan- 
nel transistor 410. The source of n-channel transistor 
410 connects to the drain of n-channel transistor 41 2 as 

50 well as ground line 404. The source of n-channel tran- 
sistor 412 connects to signal VSZ 406. Signal VCP 402 
is maintained at an intermediate voltage, such as 1/3 
VDD. This tends to raise the voltage on ground line 404 
to VCP-VT when ground line 404 is not coupled to other 

55 voltage levels. When signal YG0 400 is asserted to a 
high value, a conducting path is created between 
ground line 404 and VSZ 406 through transistor 412. 
This pulls ground line 404 to a ground voltage. 
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[0033] FIG. 5 is a timing diagram illustrating the 
sequence of control signals in the array illustrated in 
FIG. 1 during programming of a selected cell in accord- 
ance with an embodiment of the present invention. The 
lines VCP 402 and VSZ 406 assume fixed values, with 
VSZ 406 tied to a ground voltage, and VCP 204 tied to 
a voltage of approximately 1/3 VDD. The control signals 
are activated in the following sequence. 
[0034] First, the address lines feeding into the array 
are asserted to specify the address of a selected cell. 
[0035] Next, signal lines YPB 302, YG0 400, YS0 202, 
YS1 204, YS2 206 and RYP 210 are activated. Signals 
YPB 302 and YG0 400 initiate the controlled voltage 
drop on one of the ground lines in FIG. 1. Signals YS0 
202, YS1 204 and YS2 206 select one of bit lines 183, 
184 and 185 through the circuitry illustrated in FIG. 2. If 
a read operation is desired, signal RYP 210 opens up 
data output 214 through transistor 226 in FIG. 2. 
[0036] Next, the programming commences. Signal 
PGM 320 assumes a low voltage to initiate the process, 
and signal PYP 208 assumes a high voltage to pass 
data input 212 through transistor 224 into one of bit lines 

183, 184 and 185 in FIG. 2. At this time, signal RYP 210 
goes low to shut off the data output from the circuit. 
After programming is complete, signal PGM 320 rises 
back to a high voltage in order to terminate the program- 
ing process. 

[0037] Referring to FIG. 1 . assume that transistor 1 32 
is the selected transistor to be programmed. Wordline 
1 22 is asserted to a high value, which brings the gate of 
transistor 132 to a high value in preparation for pro- 
gramming. Block select signal 1 21 is asserted and cou- 
ples ground line 187 to the source of transistor 132 and 
bit line 184 to the drain input of transistor 132. Data to 
be programmed into selected memory ceil 132 feeds 
through data input 212 (shown in FIG. 2) into bit line 

184, which is selected by signal YS1 204. This data 
feeds into the drain of transistor 132. Next, the voltage 
on ground line 187 is driven to ground by driver 104. 
This voltage decrease is controlled by current limiter 
100 so as to reduce spurious programming of adjacent 
memory cells. Once the voltage on the drain of transis- 
tor 132 reaches ground, programming commences, and 
a short period of time later the input from data input 212 
is programmed into floating gate transistor 132. 
[0038] FIG. 6 is a circuit diagram of a subset of the cir- 
cuitry illustrated in FIG. 1 in accordance with an embod- 
iment of the present invention. FIG. 6 includes a 
selected transistor 61 1 along with adjacent transistors 
610 and 61 2. AH of these transistors have gates coupled 
to wordline 601. The drain of transistor 612 connects to 
node SDB 606, which connects to the drain of transistor 
614. Both the source of transistor 612 and the source of 
transistor 614 connect to node DP 608, which also con- 
nects to the drain of transistor 61 1 . Note that DP 608 
additionally connects to signal input DL 602 and the 
drain of transistor 61 5. The source of transistor 61 1 con- 
nects to node SP 607, which also connects to the drain 



of transistor 610, the drain of transistor 613 and the 
source of transistor 61 5. SP 607 also connects to signal 
GL 600. The source of transistor 610 and the source of 
transistor 613 both connect to node DDB 605. The input 
5 DWL 603 connects to the gates of transistors 613 and 
614. The input DWR 604 connects to the gate of transis- 
tor 615. 

[0039] FIG. 7 is a timing diagram illustrating voltage 
levels on various nodes within FIG. 6 during a first pro- 

io gramming mode in accordance with an embodiment of 
the present invention. This f irst programming mode pro- 
vides a fast programming time and is subject to less 
source-side disturbance, and operates as follows. First, 
signal GL 600 drops to a low voltage forcing the source 

15 of transistor 61 1 to a low voltage. Also, signal DWL 603 
rises to a high voltage, which creates a conducting path 
between node DDB 605 and node SP 607 through tran- 
sistor 613, and creates a conducting path between node 
SDB 606 and node DP 608 through transistor 614. 

20 Next, signal DL 602 assumes a high voltage forcing the 
drain side of transistor 31 1 to a high voltage. Next, sig- 
nal WL assumes a high voltage initiating programming 
of transistor 61 1 . During this programming, signal DL 
602 reaches an even higher voltage. Signal DL 602 is 

25 raised to a high voltage in two steps in order to reduce 
stress from an excessive voltage on signal line DL 602 
prior to application of a high voltage to WL 601. The 
resulting voltages on nodes DP 608, SP 607, SDB 606 
and DDB 605 also appear below in FIG. 7. 

30 [0040] FIG. 8 is a timing diagram illustrating voltages 
on various nodes of the circuit in FIG. 6 during a second 
programming mode, which requires less programming 
current, and hence reduces the drain-turn-on problem 
for adjacent cells in accordance with an embodiment of 

35 the present invention. The signals in FIG. 8 are identical 
to the signals in FIG. 7 except for the fact that the signal 
GL 600 falls to a low voltage after both signals DL 602 
and WL 601 assume a high voltage, this pulls down the 
source voltage on transistor 61 1 after the source volt- 

40 age on transistor 611 is charged up by the voltage on 
DL 602 through transistor 61 1 as a consequence of WL 
601 turning on transistor 601. Additionally, signal WL 
601 is raised in two steps in order to increase program- 
ming effectiveness while reducing disturbance of data 

45 stored in adjacent memory cells. 

[0041] FIG. 9 is a circuit diagram illustrating circuitry 
used to produce a two-step voltage for a wordline, as is 
used to generate signal WL 601 in FIG. 8 in accordance 
with an embodiment of the present invention. This cir- 

50 cuit has two inputs, SO 900 and S1 901. Signal S1 901 
feeds into the gate of transistor 905. The drain of tran- 
sistor 905 connects to VPP and the source of transistor 
905 connects to signal WL 601. When signal S1 901 is 
asserted, a conducting path is created between VPP 

55 and WL 601 through transistor 905. Signal SO 900 feeds 
into the gate of transistor 904, and the source of transis- 
tor 904 connects to signal WL 601. The drain of transis- 
tor 904 is coupled to VPP through diode -connected 
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transistors 902 and 903. In this way, when signal SO 900 
is asserted, a conducting path is established between 
signal WL 601 and VPP-2T. In order to generate a two- 
step voltage, signal SO 900 is asserted first. This causes 
WL 601 to assume a voltage of VPP-3T. Next, signal S1 
901 is asserted. This causes WL 601 to assume a volt- 
age of VP P - VT, which is the f inal high voltage. 
[0042] FIG. 10 illustrates the same circuitry to gener- 
ate a two-step voltage rise as is illustrated in FIG. 9, 
except that the circuitry is connected to signal line DL 
602 instead of WL 601 . The circuitry operates in exactly 
the same manner as the circuitry illustrated in FIG. 9. 
[0043] The preferred embodiments of the present 
invention prevent disturbance of data stored on adja- 
cent cells during programming of a selected cell in the 
following way. Referring to FIG. 1, assume memory cell 
132 is a selected cell to be programmed. Since a high 
wordline voltage is necessary for programming, the only 
other cells that can potentially be programmed must be 
coupled to the same wordline, wordline 122. Also, the 
cells must be located in the same block in order for the 
column lines to be connected to the source and drain 
inputs of the cells. This means that only transistors 
which are within the block activated by block select sig- 
nal 121 and are coupled to wordline 122 can be 
affected. Furthermore, a high drain voltage is required 
for programming. This means memory cells 131, 133 
and 134 are the only potential candidates for spurious 
programming. Recall, from the prior discussion that two 
programming modes are associated with the disclosed 
embodiment. 

[0044] Consider the first programming mode. In order 
to program transistor 132, signal DWR 182 is asserted 
so that source and drain of transistor 131 will be cou- 
pled together through transistor 193, and source and 
drain of transistor 133 will be coupled together through 
transistor 194. Transistor 131 will not be programmed 
because the voltage on ground line 187 is low during 
programming of transistor 132, and the voltage on bit 
line 183 is lower than VCP - VT as a result of transistor 
193 being turned on. Hence, the voltage across transis- 
tor 131 is too low for programming to take place. 
[0045] Transistor 133 will not be programmed. Before 
wordline 122 rises to a high voltage, ground line 188 is 
pulled to a high voltage as a result of transistor 194 
being turned on. Furthermore, bit line 184 is coupled to 
a high voltage. Consequently, transistor 131 will not be 
programmed. 

[0046] Transistor 1 34 will not be programmed either. 
Before wordline 122 goes to a high voltage, the voltage 
on ground line 188 is coupled to a high voltage and volt- 
age on bit line 185 is coupled to VCP-VT Consequently, 
the voltage across transistor 134 is VDL-(VCP-VT). 
Hence, transistor 134 will not be programmed. 
[0047] The second programming mode is slightly dif- 
ferent than the first programming mode. In the second 
programming mode, the above discussion for transis- 
tors 133 and 134 is the same as for the lirst program- 



ming mode. However, the discussion for memory cell 
131 is different. Before ground line 187 is pulled down to 
a low voltage, the voltage on ground line 187 and bit line 
183 are held to a high voltage as a result of transistor 

5 132 being turned on. The voltage across transistor 131 
is limited by the controlled rate at which ground line 187 
falls to a low value. Hence, transistor 131 will not be pro- 
grammed. Recall, that this controlled voltage drop is 
accomplished by driver 104 feeding through transistor 

70 105 which is controlled by current limiter 100 in FIG. 1. 
[0048] The foregoing description of embodiments of 
the invention have been presented for purposes of illus- 
tration and description only. They are not intended to be 
exhaustive or to limit the invention to the forms dis- 

75 closed. Obviously, many modifications and variations 
will be apparent to practitioners skilled in the art. 

Claims 



1. A method of programming a selected memory cell, 
the selected memory cell being part of an electri- 
cally programmable semiconductor memory device 
including a plurality of floating gate memory cells 
arranged in rows and columns so as to form an 
array, memory cells in the plurality of memory cells 
including a control gate, a first terminal and a sec- 
ond terminal, the control gates of memory cells in a 
row being coupled to a same row line, the method 
comprising: 

applying a first potential to a row line coupled to 
the selected memory cell; 
coupling a first terminal of the selected memory 
cell to a first node; 

coupling a second terminal of the selected 

memory cell to a second node; 

applying a second potential to the first node; 

and 

lowering a potential on the second node at a 
controlled rate to a third potential to cause the 
transfer of electrons into a floating gate of the 
selected memory cell, the rate being controlled 
such that potentials on the first and second ter- 
minals of the selected cell limit disturbance to 
data stored on adjacent cells. 

2. The method of claim 1 , including: 

coupling together a first terminal and a second 
terminal of a memory cell adjacent to the 
selected memory cell so as to avoid disturbing 
data on the adjacent cell during programming 
of the selected cell. 



55 3. The method of claim 1 or claim 2, including: 

coupling together a first terminal and a second 
terminal of an adjacent memory cell on one 
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side of the selected memory cell so as to avoid 
disturbing data on the adjacent cell on one side 
of the selected memory cell during program- 
ming of the selected cell; and 
coupling together a first terminal and a second s 
terminal of an adjacent memory cell on another 
side of the selected memory cell so as to avoid 
disturbing data on the adjacent cell on another 
side of the selected memory cell during pro- 
gramming of the selected cell 10 

The method of any preceding claim, including cou- 
pling the first terminal to the second terminal of the 
selected cell after programming of the selected cell 
is complete. 15 

The method of any preceding claim, 

wherein the array of floating gate memory 
cells is divided into a plurality of blocks of floating 
gate memory cells, blocks in the plurality of blocks 20 
being independently selectable, and including 

selecting a selected block containing the 
selected memory cell. 

25 

The method of any preceding claim, including cou- 
pling first and second terminals of memory cells not 
affected by programming of the selected cell to a 
fourth potential. 

30 

The method of any preceding claim, wherein the 
array of floating gate memory cells is divided into a 
plurality of blocks of floating gate memory cells, 
blocks in the plurality of blocks being independently 
selectable, and including: 35 

selecting a selected block containing the 
selected memory cell, and 
coupling first and second terminals of memory 
cells in the selected block not affected by pro- 40 
gramming of the selected cell to a fifth poten- 
tial. 

The method of any preceding claim, wherein the 
lowering of the potential on the second node at a 45 
controlled rate takes place after the applying of the 
first potential to the row line of the selected cell, and 
after the applying of the of the second potential to 
the first node, so that the second node is charged 
up by the first node through a conducting path so 
between the first and second terminals of the 
selected ceil, so that a programming current is 
reduced in such a way that data stored on adjacent 
cells is not disturbed by a high drain voltage. 

55 

The method of any of claims 1 to 7, wherein the 
lowering of the potential on the second node takes 
place before the applying of the first potential to the 



row line of the selected cell, so that source side dis- 
turbance of data stored in adjacent cells is avoided. 

10. The method of any preceding claim, wherein the 
applying of the first potential to the row line of the 
selected cell takes place at a controlled rate. 

11. The method of any preceding claim, wherein the 
applying of the first potential to the row line of the 
selected cell takes place in two phases in order to 
increase programming effectiveness while reducing 
disturbance of data stored in adjacent cells, includ- 
ing: 

raising a voltage on the row line of the selected 
cell to an intermediate potential lower than the 
first potential; 

waiting a fixed interval of time; and 

raising the voltage on the row line of the 

selected cell to the first potential. 

12. The method of any preceding claim, wherein the 
applying of the second potential to the first node 
takes place at a controlled rate. 

13. The method of any preceding claim, wherein the 
applying of the second potential to the first node 
takes place in two phases in order to reduce stress 
resulting from an excessive voltage on the first ter- 
minal of the selected ceil prior to the applying of the 
first potential to the row line, including: 

raising a voltage on the first node coupled to 
the first terminal of the selected cell to an inter- 
mediate potential lower than the second poten- 
tial; 

waiting a fixed interval of time; and 
raising the voltage on the first node coupled to 
the second terminal of the selected cell to the 
second potential. 

14. A method of programming a selected memory cell, 
the selected memory cell being part of an electri- 
cally programmable semiconductor memory device 
including a plurality of floating gate memory cells 
arranged in rows and columns so as to form an 
array, memory cells in the plurality of memory cells 
including a control gate, a first terminal and a sec- 
ond terminal, the control gates of memory cells in a 
row being coupled to a same row line, the method 
comprising: 

applying a first potential to a row line coupled to 
the selected memory cell; 
coupling a first terminal of the selected memory 
cell to a first node; 

coupling a second terminal of the selected 
memory cell to a second node; 
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15. A method of programming a selected memory cell, 
the selected memory cell being part of an electri- 
cally programmable semiconductor memory device 
including a plurality of floating gate memory cells 
arranged in rows and columns so as to form an 
array, memory cells in the plurality of memory cells 
including a control gate, a first terminal and a sec- 
ond terminal, the control gates of memory cells in a 
row being coupled to a same row line, the method 
comprising: 

applying a first potential to a row line coupled to 
the selected memory cell; 
coupling a f irst terminal of the selected memory 
cell to a first node; 

coupling a second terminal of the selected 

memory cell to a second node; 

applying a second potential to the first node; 

and 

lowering the potential on the second node to a 
third potential to cause the transfer of electrons 
into a floating gate of the selected memory cell, 
the lowering taking place before the applying of 
the first potential to the wordline of the selected 
cell, so that source side disturbance of data 
stored in adjacent cells is limited. 

1 6. A method of programming a selected memory cell, 
the selected memory cell being part of an electri- 
cally programmable semiconductor memory device 
including a plurality of floating gate memory cells 
arranged in rows and columns so as to form an 
array, memory cells in the plurality of memory cells 
including a control gate, a first terminal and a sec- 
ond terminal, the control gates of memory cells in a 
row being coupled to a same row line, the method 
comprising: 

applying a first potential to a row line coupled to 
the selected memory cell; 
coupling a first terminal of the selected memory 
cell to a first node; 
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coupling a second terminal of the selected 
memory cell to a second node; 
applying a second potential to the first node in 
two phases in order to reduce stress resulting 
from an excessive voltage on the first terminal 
of the selected cell prior to the applying of the 
first potential to the row line, including, raising 
the voltage on the first node coupled to the first 
terminal of the selected cell to an intermediate 
potential lower than the second potential, wait- 
ing a fixed interval of time, and raising the volt- 
age on the first node coupled to the second 
terminal of the selected cell to the second 
potential; and 

lowering the potential on the second node to a 
third potential to cause the transfer of electrons 
into a floating gate of the selected memory cell. 

17. A method of programming a selected memory cell, 
the selected memory cell being part of an electri- 
cally programmable semiconductor memory device 
including a plurality of floating gate memory cells 
arranged in rows and columns so as to form an 
array, memory cells in the plurality of memory cells 
including a control gate, a first terminal and a sec- 
ond terminal, the control gates of memory cells in a 
row being coupled to a same row line, the method 
comprising: 

applying a first potential to a row line coupled to 
the selected memory cell, the applying taking 
place in two phases in order increase program- 
ming effectiveness while reducing disturbance 
of data stored in adjacent cells, including, rais- 
ing a voltage on the wordline of the selected 
cell to an intermediate potential lower than the 
first potential, waiting a fixed interval of time, 
and raising the voltage on the wordline of the 
selected cell to the first potential; 
coupling a first terminal of the selected memory 
cell to a first node; 

coupling a second terminal of the selected 
memory cell to a second node; 
applying a second potential to the first node; 
45 and 

lowering the potential on the second node to a 
third potential to cause the transfer of electrons 
into a floating gate of the selected memory cell. 

50 

18. An electrically programmable memory device, com- 
prising: 

a plurality of floating gate memory cells 
55 arranged in rows and columns so as to form an 

array, each memory eel! . including a control 
gate and first and second terminals; 
a plurality of row lines, the control gates of cells 
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applying a second potential to the first node; 
and 

lowering a potential on the second node to a 
third potential to cause the transfer of electrons 
into a floating gate of the selected memory cell, 5 
the lowering taking place after the applying of 
the first potential to the wordline of the selected 
cell, and after the applying of the second poten- 
tial to the first node, so that the second node is 
charged up by the first node through a conduct- io 
ing path between the first and second terminals 
of the selected cell, so that a programming cur- 
rent is reduced in such a way as to limit distur- 
bance to floating gates of adjacent cells by a 
high drain voltage. is 
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in the same row being coupled to a common 
row line in the plurality ol row lines; 
a plurality of column lines coupled to first and 
second terminals of memory cells in the array; 
a row decoder, coupled to the plurality of row 5 
lines, for selecting a row line coupled to a 
selected memory cell; 

a column decoder, for coupling a first column 
line coupled to the first terminal of the selected 
memory cell to a first potential, and for coupling 10 
a second column line coupled to the second 
. terminal of the selected memory cell to a sec- 
ond potential, to cause programming of the 
selected memory cell; and 

a column connection circuit, coupled to column 75 
lines in the plurality of column lines for coupling 
together pairs of column lines coupled to the 
first and second terminals of memory cells 
adjacent to the selected memory cell so as to 
limit disturbance to data stored on the adjacent 20 
memory cells by limiting voltage differences 
between the first and second terminals of the 
adjacent memory cells. 

19. The electrically programmable memory device of 25 
claim 18. wherein the column connection circuitry 
selectively couples together adjacent pairs of even- 
odd and odd-even column lines. 

20. The electrically programmable memory device of 30 
claim 18 or claim 19, including a current limiter cir- 
cuit coupled to column lines in the plurality of col- 
umn lines for controlling the rate at which voltage 
drops on a column line coupled to the selected cell 

so as not to disturb data stored on adjacent cells 35 
during programming of the selected cell. 

21. The electrically programmable memory device of 
any of claims 1 8 to 20, wherein the array of floating 
gate memory cells is divided into a plurality of 40 
blocks of floating gate memory cells, blocks in the 
plurality of blocks being independently selectable. 

22. The electrically programmable memory device of 
any of claims 18 to 21, including a mechanism for 45 
coupling together first and second terminals of 
memory cells not affected by programming of the 
selected cell to a third potential. 

23. An electrically programmable memory device, com- so 
prising: 
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row line in the plurality of row lines; 
a plurality of column lines coupled to first and 
second terminals of memory cells in the array; 
a row decoder, coupled to the plurality of row 
lines, for selecting a row line coupled to a 
selected memory celt; 

a column decoder, for coupling a first column 
line coupled to the first terminal of the selected 
memory cell to a first potentiat and a second 
column line coupled to the second terminal of 
the selected memory cell to a second potential, 
to cause programming of the selected memory 
cell; and 

a current limiter circuit coupled to column lines 
in the plurality of column lines for controlling the 
rate at which voltage drops on a column line 
coupled to the selected cell so as to limit distur- 
bance to data stored on adjacent cells during 
programming of the selected cell. 

24. The electrically programmable memory device of 
claim 23, including a column connection circuit cou- 
pled to column lines in the plurality of column lines 
for coupling together pairs of column lines coupled 
to the first and second terminals of memory cells 
adjacent to the selected memory cell so as to avoid 
disturbing data stored on the adjacent memory 
cells by limiting voltage differences between the 
first and second terminals of the adjacent memory 
celts. 

25. The electrically programmable memory device of 
claim 23 or claim 24, wherein the array of floating 
gate memory cells is divided into a plurality of 
blocks of floating gate memory cells, blocks in the 
plurality of blocks being independently selectable. 

26. The electrically programmable memory device of 
any of claims 23 to 25, including a column connec- 
tion circuit coupled to column lines in the plurality of 
column lines for coupling together pairs of column 
lines coupled to the first and second terminals of 
memory cells adjacent to the selected memory cell 
so as to avoid disturbing data stored on the adja- 
cent memory cells by limiting voltage differences 
between the first and second terminals of the adja- 
cent memory cells, the column connection circuitry 
selectively coupling together adjacent pairs of 
even-odd and odd-even column lines. 
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a plurality of floating gate memory cells 
arranged in rows and columns so as to form an 
array, each memory cell including a control 55 
gate and first and second terminals; 
a plurality of row lines, the control gates of cells 
in the same row being coupled to a common 



BNSDOCID: <EP 0899744A2 I > 



EP 0 899 744 A2 



100 
CURRENT 
LIMITER 



121 

BLOCK SELECT 
122 
WORD LINE 



123 
WORD LINE 



124 

BLOCK SELECT 

122 
WORD LINE 



123 
WORD LINE 



181 DWL 



182 DWR 




186' 187- 

GROUND 183 GROUND 184 

LINE BIT LINE BIT 

LINE LINE 



188' 
GROUND 185 
LINE BIT 
LINE 



180 



FIG. 1 



11 



BNSDOCID: <EP 089S7A4A2J_> 



EP 0 899 744 A2 



183 
BIT LINE 



H 



220 



202 YSO 
204 YS1 
206 YS2 



208 PYP 



164 
BIT LINE 



185 
BIT LINE 



H 



J 



221 



H 



222 



H 



224 



212 
DATA 
INPUT 



200 
SENSE 
AMPLIFIER 



210 RYP 



H 



226 



601 



603 
DWL 



604 
DWR 



214 
DATA 
OUTPUT 



FIG. 2 




FIG. 6 



602 
DL 



12 



0AS9744A2 i > 



EP 0 899 744 A2 



302 
YPB 



304 
CURRENT 
MIRROR 



320 
PGM 



300 
AVS 



306 



308 



H 



H 



310 
-+1 



312 



#1 314 



101 
TYPO 



H 



316 



400 
YGO 



402 
VCP 



FIG. 3 

VDD 

uX 

408 



410 



412 



404 
GROUND 
LINE 



FIG. 4 



406 
VSZ 



13 



BNSDOCID: <EP. 



0899744 A2_l_> 



EP 0 899 744 A2 



X 




X X X X 



(A 

uj 

CO 

c/> 
q: 

Q 
Q 
< 



2 

O 
a. 

o 

CD 



CO 
> 



a. 

fM 
O 



> 
O 



2 



CD 

> 

CM 

o 



O 
O 
> 
o 
o 



O y- CM 
CO CO CO 
> > > 

S3 8 

CN CM CM 



CL 


Q. 


M 


> 


>- 


to 




CL 


> 


o 


00 
O 




CN 


CM 



14 



BNSDOCID: <EP 0B99744A2J_> 



EP 0 899 744 A2 




BNSDOCID: <EP 0899744A2J_> 




BNSDOCID: <EP 



08997 44 A2 ! > 



EP 0 899 744 A2 



§ 

G 

O 



a. 

CL 



CN 

Sir 



CO 

8 



o 

>— < 
tin 



<N1 
(0 



8 - 



CO 



8 

o 



a. 



CN 

4 — i8x 



8x 



8, 



OS 

O 



8 8 w 



17 



BNSDOCID; <EP. 



.0899744A2_L> 



(19) 



J 



(12) 



Europaisches Patentamt 
European Patent Office 
Off ice europeen des brevets (11) EP 0 899 744 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

22.09.1 999 Bui leti n 1 999/38 

(43) Date of publication A2: 

03.03.1999 Bulletin 1999/09 

(21) Application number: 98301715.3 

(22) Date of filing: 09.03.1998 



(51) Int. CI. 6 : G11C 16/06 



(84) Designated Contracting States: 


• Al, Shl-Charng 


AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 


Richardson TX 75081 (US) 


NL PT SE 


• Lee, Chien-Sing 


Designated Extension States: 


Taipei County, Taiwan (CN) 


AL LT LV MK RO SI 


• Ni, Ful-Long 




Hsinchu City, Taiwan (CN) 


(30) Priority: 26.08.1997 US 918796 


* Wang, ManvTsung 




Hsinchu City, Taiwan (CN) 


(71) Applicant: 


• Huang, Chin-Yi 


Macronix International Co., Ltd. 


Pao Shan VIII., Hsinchu County, Taiwan (CN) 


Hsinchu (TW) 


(72) Inventors: 


(74) Representative: 


Horner, David Richard 


• Lin, Chln-Hsi 


D Young & Co, 


Hsinchu City, Taiwan (CN) 


21 New Fetter Lane 




London EC4A 1DA (GB) 



CO 

< 

o> 
o> 

CO 

o 

CL 
LU 



„ r™ 



(54) Apparatus and method for programming a memory device such as a virtual ground EPROM 
array cell 

(57) The present invention provides a method and 
an apparatus for programming a selected cell within a 
memory device, such as a virtual ground EPROM array 
cell, without disturbing adjacent array cells. In preferred 
embodiments, the electrical disturbance of data stored 
in adjacent cells is limited in a number of ways: (1) a col- 
umn connection circuit is provided for selectively cou- 
pling together adjacent pairs of even-odd or odd-even 
column lines so that source and drain terminals of adja- 
cent memory cells are electrically coupled together, 
thereby preventing the data stored within the adjacent 
cells from being disturbed; (2) a current limiter circuit is 
provided for lowering a potential on a terminal of the 
selected cell at a controlled rate during programming so 
that voltages on terminals of the selected cell do not dis- 
turb data stored on adjacent memory cells; (3) the order 
in which programming signals are applied to terminals 
of the selected cell are controlled in such a way as to 
reduce the disturbance of data on adjacent cells; and 
(4) high wordline and data line voltages are applied to 
the selected cell in two steps, first to an intermediate 
voltage, and then to a high voltage. This reduces the 
disturbance to adjacent cells and improves program- 
ming. 
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